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Objective. Various methods are utilized in daily practice to obtain optimal information on effusion in the knee. Our aim
is to investigate which scanning position provides the best information about synovial fluid in the knee by using
ultrasound and to evaluate the magnitude of difference for measuring synovial fluid in 3 major recesses (suprapatellar,
medial parapatellar, and lateral parapatellar) of the knee according to various degrees of flexion.
Methods. Sonographers in 14 European centers documented bilateral knee joint ultrasound examinations on a total of
148 knee joints. The largest sagittal diameter of fluid was measured in scans corresponding to the 3 major recesses at
different (0°, 15°, 30°, 45°, 60°, and 90°) degrees of flexion of the knee. The difference of measurement of effusion according
to transducer position, knee position, and the interaction between them was investigated by analysis of variance followed
by Tukey’s test.
Results. No correlation was noted between patient characteristics and ultrasound detection of effusion. The sagittal
diameter of synovial fluid in all 3 recesses was greatest at 30° flexion. Analysis of variance and Tukey’s test revealed that
the suprapatellar scan and 30° flexion is the best combination for detecting effusion as confirmed by receiver operator
characteristic curve analysis.
Conclusion. The suprapatellar scan of the knee in 30° flexion was the most sensitive position to detect fluid in knee joints.
Sagittal diameter of fluid in all 3 recesses increased with the knee in the 30° flexed position as compared to the extended
position.
INTRODUCTION
The knee joint is commonly affected in inflammatory joint
conditions. Several studies have suggested that ultra-
sonography is superior to clinical examination in deter-
mining the presence and localization of knee joint effusion
(1–5). Despite these findings, there is a lack of guidelines-
regarding the proper positioning of the joint during both
clinical and ultrasound examination. The European
League Against Rheumatism (EULAR) guidelines for per-
forming musculoskeletal ultrasound examination recom-
mend examining the knee joint in either the flexed or
extended position (6). Voluntary quadriceps contraction
has been utilized as a means to increase sensitivity of
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detecting synovial fluid in the suprapatellar recess in os-
teoarthritic knee joints where effusion could not be visu-
alized in the standard, extended position without quadri-
ceps contraction (7).
The extent of varying degrees of flexion and its effect on
the detection of synovial fluid in multiple recesses of the
knee has previously not been investigated. The suprapa-
tellar recess or bursa is a pouch formed by the articular
capsule of the knee possessing its own synovial lining (8),
while the medial parapatellar and lateral parapatellar re-
cesses are extensions thereof in the medial parapatellar
and lateral parapatellar areas, respectively. The parapatel-
lar recesses are recommended among the standard scans of
the knee in the guidelines on the use of sonography in
rheumatology (6) and have been utilized for individual
measurement of fluid volume in the knee by several inves-
tigations utilizing ultrasound, as well as other imaging
modalities (9–12). We therefore evaluated the magnitude
of difference for measuring synovial fluid in these major
recesses (suprapatellar, medial parapatellar, and lateral
parapatellar recess) of the knee according to various de-
grees of flexion. We then investigated which of these po-
sitions best influences the detection of abnormal fluid after
performing a complete ultrasonographic examination of
the knee.
PATIENTS AND METHODS
In this international multicenter study, 18 rheumatologists
with several years of experience in musculoskeletal ultra-
sound were asked to conduct ultrasound examinations
over a period of 1 month in their respective practices on
patients with knee joint symptoms (involving at least 1
knee). Exclusion criteria included patients who were un-
able to perform knee flexion or could not extend their
knees completely, patients who underwent knee surgery
in the examined knee, and patients without symptoms in
either knee. Sonographers documented the sex, age, and
diagnosis of the patients. Anonymous data were entered
into case report sheets and analyzed in a single center.
Ethics approval was not obtained for this study since all
included patients were referred to the ultrasound exami-
nation for reasons other than participation in the present
study and because the standard ultrasound examination of
the knee already includes the scans and knee positions
performed within the framework of this project.
Ultrasound. Gray-scale and power Doppler ultrasound
examination of each knee was performed at the following
3 major suprapatellar pouch recesses: midline suprapatel-
lar, medial parapatellar, and lateral parapatellar (Figures
1A, B, and C). Examination of the midline suprapatellar
recess was carried out in the sagittal plane at midline,
while that of the medial parapatellar and lateral parapa-
tellar recess was carried out in the midpatellar transverse
plane 90° medial and lateral from midline, respectively.
Scans of the 3 recesses were performed at 0°, 15°, 30°, 45°,
60°, and 90° of flexion of the knee joint, yielding a total
number of 18 scans for each knee joint.
Degree of flexion was established with the use of a
standard goniometer. The knee was unsupported by exter-
nal support (e.g., foam block) during the procedure. For
each examination generous amounts of gel were applied to
the knee and each sonographer took care in applying only
Significance & Innovations
● This international multicenter study has shown
that the position of the knee influences the sensi-
tivity of ultrasound for detecting synovial fluid in
knee joints.
● The suprapatellar scan of the knee in 30° flexion
was found to be the most sensitive position to
detect synovial fluid in knee joints.
● Full ultrasound evaluation of the knee should in-
clude the dynamic examination (knee flexed from
0° to 90°) of the 3 major recesses of the knee, which
provides the best information on synovial fluid in
the knee joint.
Figure 1. Sonographic examination of major recesses of the knee: A, suprapatellar recess, sagittal plane; B, medial parapatellar recess,
midpatellar transverse plane; and C, lateral parapatellar recess, midpatellar transverse plane. * effusion; F femur; P patella; arrow
synovial hypertrophy; dotted line  measurement of greatest diameter of fluid.
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minimal pressure to the transducer during the examina-
tion in order not to displace the fluid collection. Fluid
collection was defined as an anechoic or hypoechoic
area that is displaceable and does not exhibit Doppler
signal according to the Outcome Measures in Rheumatol-
ogy definition of synovial fluid (13). Sonographers used
the following equipment: GE Logiq9, Esaote MyLab 70,
MyLab 70 XVG, Esaote My Lab 25 Gold, Esaote Technos
MPX, and Philips HDI 5000 with linear transducers with
a frequency adapted to the examination of the knee (5–
12 MHz).
Ultrasonographers performed a complete ultrasono-
graphic examination of each knee in accordance with the
EULAR guidelines (6). Moreover, for each recess in every
examined angle of flexion, the absence or presence of
synovial fluid and the greatest diameter of fluid perpen-
dicular to the dorsal border of the fluid collection was
recorded by using a sagittal scan. Based on the complete
ultrasound examination, sonographers evaluated each
joint either as normal or abnormal.
Statistical analysis. The several ultrasound scans of
the suprapatellar, medial parapatellar, and lateral para-
patellar recesses in the 6 knee positions (0°, 15°, 30°, 45°,
60°, and 90°) yielded 18 measures of effusion diameter by
knee for each subject. By taking the extended position (0°)
of the knee as reference, we reduced the number of mea-
sures to 15 and we studied the difference of measurement
according to knee position (15°  0°, 30°  0°, 45°  0°,
60°  0°, and 90°  0°) and transducer position. In this
way the variability due to the sonographer effect was also
reduced.
To evaluate the proportion of variance explained by
knee flexion, transducer position, and magnitude of
change of the measurement of effusion according to the
degree of flexion of the knee, we performed an analysis of
the variance (ANOVA) explaining difference of measure-
ment of effusion according to transducer position, knee
position, and the interaction between them. This ANOVA
was completed by Tukey’s test in order to determine
which combination of transducer position (recess) and
knee position gave the highest difference of effusion, i.e.,
was the most sensitive for detecting the presence of effu-
sion. The final judgment of knee abnormality at the end of
the ultrasound examination was used as a dependent vari-
able against which elementary measures (i.e., effusion at
each position) were assessed.
Eighteen logistic regression models were performed to
establish a relationship between the presence of effusion
according to synovial fluid measured in each recess and
knee position. Variables used in the models were selected
among statistically significant variables obtained by uni-
variate analysis. The 18 areas under the receiver operator
characteristic curve (AUC-ROC) were used for evaluating
the best discriminative combination for detecting fluid.
Differences among each AUC were compared using 2,000
bootstrap samples, taking into account the repetition of
measures on the same knees. For each of the 18 logistic
regression models, the 3 best cutoff points corresponding
to the maximal Youden index were chosen.
RESULTS
Demographics. A total of 148 knees of 77 patients were
examined by 18 sonographers; 13 patients and an addi-
tional 6 knee joints were not evaluated due to missing or
incomplete data. Fifty-three (69%) patients were women.
The mean  SD age was 58  15.7 years (range 21–86
years). The subjects could be classified according to their
diagnosis as follows: rheumatoid arthritis  23 patients;
spondylarthritis (psoriatic arthritis, ankylosing spondyli-
tis, undifferentiated oligoarthritis, and reactive arthritis)
13 patients; crystal-associated synovitis  3 patients; os-
teoarthritis  29 patients; vasculitides and systemic lupus
erythematosus  7 patients; and other (i.e., osteoporosis,
septic arthritis)  2 patients.
Ultrasound data. Effusion was detected in 120 of 148
knees (81%) during the ultrasound examination. Based on
the full ultrasonographic examination of the knee, 106 of
148 knees (73%) were classified as being abnormal. Sonog-
raphers judged final abnormality following a full knee
ultrasound examination. Their evaluation was based on
the presence/absence of a list of other abnormalities com-
monly detected in the knee joint by ultrasound, including
synovial hypertrophy, Doppler activity, osteophytes, car-
tilage damage, etc. No correlation was noted between pa-
tient characteristics and ultrasound detection of effusion
(data not shown).
Detection of effusion. ANOVA results showed that the
magnitude of changes of sagittal diameter of synovial fluid
measure varied significantly according to the angles of
flexion (P 2 1016), using the extended position (0°) as
reference, according to transducer position (P  2 
Figure 2. Sonographic evaluation of synovial fluid sagittal diam-
eter of knee recesses at varying degrees of flexion. The confidence
interaction (95%) plot shows the mean sagittal diameter of syno-
vial fluid for the 3 examined recesses for each combination be-
tween transducer and knee position, using the extended position
(0°) as reference. Dotted lines represent confidence intervals for
each of the corresponding recesses. For each recess, correspond-
ing graphs are marked with matching colors. Color figure can be
viewed in the online issue, which is available at http://online
library.wiley.com/journal/10.1002/(ISSN)1529-0131.
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Table 1. Comparison of 18 logistic models*
Degree of flexion AUC-ROC (95% CI)
Cutoff value,
mm
Sensitivity,
%
Specificity,
%
Youden
index LR LR
0°
Suprapatellar 0.823 (0.731–0.901) 2.7 68.9 92.9 0.62 9.7 0.3
2.4 73.1 85.7 0.59 5.1 0.3
3 63.0 92.9 0.56 8.9 0.4
Medial parapatellar 0.772 (0.672–0.857) 2.4 63.0 85.7 0.49 4.4 0.4
2.7 59.7 85.7 0.45 4.2 0.5
3 54.6 85.7 0.40 3.8 0.5
Lateral parapatellar 0.839 (0.757–0.910) 2.4 77.3 85.7 0.63 5.4 0.3
2.7 74.8 85.7 0.61 5.2 0.3
1.8 81.5 78.6 0.60 3.8 0.2
15°
Suprapatellar 0.820 (0.723–0.902) 3.6 76.5 82.1 0.59 4.3 0.3
4.2 71.4 85.7 0.57 5.0 0.3
3.9 73.9 82.1 0.56 4.1 0.3
Medial parapatellar 0.776 (0.677–0.864) 3 66.4 85.7 0.52 4.6 0.3
2.7 69.7 82.1 0.52 3.9 0.4
3.3 62.2 85.7 0.48 4.3 0.4
Lateral parapatellar 0.789 (0.692–0.877) 2.7 77.3 71.4 0.49 2.7 0.4
3.3 68.9 78.6 0.48 3.2 0.4
3 74.8 71.4 0.46 2.6 0.4
30°
Suprapatellar 0.849 (0.770–0.917) 6 66.4 92.9 0.59 9.4 0.4
3.6 86.6 71.4 0.58 3.0 0.2
4.8 79.0 78.6 0.58 3.7 0.3
Medial parapatellar 0.791 (0.697–0.870) 3.3 63.0 89.3 0.52 5.9 0.4
3.9 58.8 92.9 0.52 8.3 0.4
3.6 61.3 89.3 0.51 5.7 0.4
Lateral parapatellar 0.774 (0.678–0.857) 4.2 59.7 85.7 0.45 4.2 0.5
3.3 71.4 71.4 0.43 2.5 0.4
3 74.8 67.9 0.43 2.3 0.4
45°
Suprapatellar 0.840 (0.759–0.909) 3.6 84.9 75.0 0.60 3.4 0.2
3.9 81.5 75.0 0.57 3.3 0.2
5.1 68.9 85.7 0.55 4.8 0.4
Medial parapatellar 0.707 (0.611–0.797) 3.3 52.1 85.7 0.38 3.6 0.6
2.7 61.3 75.0 0.36 2.5 0.5
3 58.8 75.0 0.34 2.4 0.5
Lateral parapatellar 0.766 (0.664–0.855) 3.6 63.0 78.6 0.42 2.9 0.5
3.3 75.6 85.7 0.61 5.3 0.3
3.6 71.4 89.3 0.61 6.7 0.3
60°
Suprapatellar 0.843 (0.767–0.909) 3.3 75.6 85.7 0.61 5.3 0.3
3.6 71.4 89.3 0.61 6.7 0.3
3.9 66.4 92.9 0.59 9.4 0.4
Medial parapatellar 0.710 (0.619–0.794) 2.4 54.6 85.7 0.40 3.8 0.5
2.1 56.3 82.1 0.38 3.1 0.5
1.8 58.0 78.6 0.37 2.7 0.5
Lateral parapatellar 0.740 (0.650–0.822) 3.9 48.7 96.4 0.45 13.5 0.5
2.7 63.0 78.6 0.42 2.9 0.5
4.5 43.7 96.4 0.40 12.1 0.6
90°
Suprapatellar 0.829 (0.752–0.895) 2.1 72.3 89.3 0.62 6.8 0.3
2.4 67.2 92.9 0.60 9.5 0.4
2.7 65.5 92.9 0.58 9.2 0.4
Medial parapatellar 0.728 (0.641–0.808) 0.9 58.0 85.7 0.44 4.1 0.5
1.2 55.5 85.7 0.41 3.9 0.5
0.6 58.8 82.1 0.41 3.3 0.5
Lateral parapatellar 0.785 (0.701–0.861) 2.1 64.7 85.7 0.50 4.5 0.4
1.8 67.2 82.1 0.49 3.8 0.4
2.4 57.1 89.3 0.46 5.3 0.5
* AUC-ROC  area under the receiver operator characteristic curve; 95% CI  95% confidence interval; LR  positive likelihood ratio; LR 
negative likelihood ratio.
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1016), and considering the combination of knee and
transducer position (P  104). Supplementary analysis
using Tukey’s test revealed that, in particular, the most
significant difference between measures was observed
comparing 30° 0°, followed by 45° 0° and 15° 0° (no
statistical difference between these 2 positions), and by
60°  0° and 90°  0° (no statistical difference between
these 2 positions) independently of the recess examined.
Considering the variability due to the recess position, the
difference between measures was significantly higher in
the suprapatellar recess as compared to the lateral parapa-
tellar and medial parapatellar recesses (P  108), inde-
pendently of the degree of knee flexion. Tukey’s test
showed that when using 0° as reference, the magnitude of
change of sagittal diameter in the 3 examined recesses was
significantly higher at 30° and 45° of flexion in each recess
(Figure 2).
ROC analysis confirmed these results and revealed that
the combination of suprapatellar scan at the 30° position
was the best knee and transducer position for detecting
knee effusion, characterized by the largest AUC and there-
fore the best discriminative power (Table 1 and Figure 3).
Logistic regression models were performed to establish the
relationship between the presence of effusion depending
on each synovial fluid measure. Cutoff points were de-
termined to predict effusion by the Youden index maxi-
mum for each model. The best cutoff value favoring this
recess and at this degree of flexion when favoring high
sensitivity was 3.6 mm (corresponding to a sensitivity
of 86.6% and a specificity of 71.4%) and 6 mm when
favoring high specificity (corresponding to a sensitivity
of 66.4% and a specificity of 92.9%) (Table 1). As shown
by the AUC confidence intervals and bootstrap results,
there was no statistical difference between the AUC for
the suprapatellar recess at 30° of flexion and that of the
lateral parapatellar recess at 0° of flexion. No differences
were observed among the different combinations of angles
for determining the final ultrasound diagnosis of knee
abnormality.
DISCUSSION
Various approaches and methods with regard to both the
clinical and ultrasound examination of the knee are used
in daily practice to better detect synovial effusion. The
beneficial effect of voluntary quadriceps contraction on
the sensitivity of fluid detection in the suprapatellar recess
has been demonstrated (7). However, the quadriceps mus-
cle is known to be inhibited by joint effusion that is influ-
enced both by the volume of the effusion and the position
of the joint (14). This study was performed in order to
investigate which scanning position provides the best in-
formation about synovial fluid in the knee using ultra-
sound. By evaluating the sagittal diameter of synovial fluid
in the 3 major recesses of the knee, we were able to show
that it increased in all the recesses with the knee in the
flexed position as compared to the neutral, extended po-
Figure 3. Receiver operating curves for synovial fluid measurement of the suprapatellar, medial parapatellar, and lateral parapatellar
recesses of the knee at varying degrees of flexion of the knee joint, corresponding to the 18 logistic models in Table 1.
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sition. The fact that fluid diameter decreased at higher
degrees of flexion might be due to changes in intraarticular
pressure, which were shown to be highest at full flexion or
extension of the knee joint (14,15). Several earlier studies
have assessed cutoff in asymptomatic joints of a large
number of healthy subjects (16,17). In these studies, the
cutoff values for normal synovial fluid in the suprapatellar
recess were between 2.2–4.9 mm; however, the studies
differed in the mode of examination (the latter study mea-
sured synovial fluid in the extended position during quad-
riceps contraction). The obtained cutoff values in our
study were found to be generally similar to those demon-
strated in these earlier studies and was found to be be-
tween 3.6–6.0 mm in the combination yielding the highest
AUC (suprapatellar recess, 30° of flexion of the knee),
depending on whether sensitivity or specificity was fa-
vored (Table 1). The lateral recess at 0° of flexion of the
knee also performed quite similarly. However, the sonog-
raphers observed less variation in fluid diameter during
various degrees of flexion when scanning the lateral re-
cess, as compared to the suprapatellar recess. This was
likely due to the larger surface of the latter as opposed to
the former, which led to larger variation in sagittal diam-
eter. We therefore propose starting the examination of the
knee in the extended position; if fluid above the cutoff is
detected in the lateral parapatellar recess, the examiner
need not proceed further with the examination. However,
if this is not the case, we would advise that an examination
of the suprapatellar recess at 30° of flexion of the knee be
performed as this position permits the best detection of
even small amounts of fluid.
Every knee and scan position has distinct cutoff values
to detect abnormal effusion and to aid in globally evaluat-
ing effusion and synovial proliferation. A further study
examining the posterior recess and potential Baker’s cyst
may allow us to further elaborate the changes in effusion
quantity. The fact that no difference could be demon-
strated between degrees of flexion for predicting final ab-
normality of the examined knee can be explained by the
setup of the study, which featured the sonographers judg-
ing final abnormality after completing the ultrasound eval-
uation. Scanning the 3 recesses of the knee in both the
flexed and extended position will allow the sonographer to
gain a better understanding of the distribution of effusion
within the knee joint. Our results suggest that the measure-
ment of synovial fluid in the knee in the suprapatellar scan
with the knee flexed to 30° allows the most optimal detec-
tion of even minimal amounts of abnormal joint effusion
in agreement with recent findings obtained in saline-
injected cadavers (18). Performing a dynamic ultrasound
examination may also influence the physician to change
the anatomic diagnosis of involved structures in certain
musculoskeletal conditions and, consequently, the plan-
ning of joint injections and that of overall treatment
(19,20). Such modifications were associated with a trend
towards improved short-term symptomatic treatment ef-
fect by rheumatologists (20). This can be easily performed
with the use of a standard goniometer and does not signif-
icantly lengthen the ultrasound examination. Full evalua-
tion of the knee, including the examination of the 3 re-
cesses in the extended position and during the dynamic
examination of the knee (knee flexed from 0–90°) provides
the most information regarding the presence and distribu-
tion of synovial effusion to the sonographer.
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